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ABSTRACT 
RON receptor is one member of the MET family of receptor tyrosine kinases. 
When it is activated by its own ligand, macrophage stimulating protein (MSP), RON 
initiates a downstream signaling pathways which result of some function in the cell 
such as dissociation, migration, and invasion. Several RON variants that arise through 
mRNA splicing or by an alternate translational start site have been identified, some 
with oncogenic potential. The purpose of the present project was to determine the 
expression of RON receptor in two breast cancer cell lines since it is the most common 
distribution cancer in women around the world. MDA-MB-213 and MCF-7 breast 
cancer cell lines and WRL-68 embryonic liver as a normal cell line were used in this 
experiment to characterize the expression. The expression of RON receptor on the cell 
surface, the concentration of mRNA and the RON protein were done by utilizing 
Immunofluorescent staining (IF), polymerase chain reaction (PCR) and sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) respectively. 
Collectively, it was found that RON receptor was overexpressed in these two breast 
cancer cell lines comparing to the normal cell lines. 
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ABSTRAK 
Reseptor RON adalah sebahagian ahli keluarga MET daripada reseptor 
kinases tyrosina. Apabila RON diaktifkan oleh ligannya sendiri, protein perangsang 
makrofaj (MSP), RON memulakan isyarat tapak jalan hiliran yang menyebabkan 
beberapa fungsi sel seperti penceraian, migrasi dan pencerobohan. Beberapa varian 
RON muncul hasil daripada proses penyuntingan mRNA atau oleh tapak permulaan 
translasi alternatif telah dikenal pasti, setengahnya berpotensi sebagai oncogenic. 
Tujuan projek ini adalah untuk menentukan ekpressi reseptor RON pada sel kanser 
payu dara kerana ia merupakan kanser yang paling biasa tersebar di kalangan wanita 
di seluruh dunia. MDA-MB-213 dan MCF-7 adalah sel kanser payudara dan WRL-
68 adalah sel hati embrio sebagai sel normal telah digunakan dalam eksperimen ini 
untuk mencirikan ekspresi. Ekpresi reseptor RON pada permukaan sel, kepekatan 
mRNA dan protien RON telah dilakukan dengan menggunakan immunofluorescent 
(IF), tindak balas rantaian polimerase (PCR) dan natrium sulfat dodesil 
polyacrylamide gel elektroforesis (SDS-PAGE). Secara kolektifnya, telah didapati 
bahawa reseptor RON adalah terlebih ekspress dalam kedua-dua sel kanser payu 
dara berbanding dengan sel normal.
  
 
vii 
 
TABLE OF CONTENTS 
 
 
 
 
CHAPTERS TITLE PAGE 
 TITLE PAGE i 
 DECLARATION ii 
 DEDICATION iii 
 ACKNOWLEDGEMENT iv 
 ABSTRACT v 
 ABSTRAK vi 
 TABLE OF CONTENTS vii 
 LIST OF TABLES x 
 LIST OF FIGURES xi 
 LIST OF ABBREVIATIONS AND SYMBOLS xiii 
   
CHAPTER 1 INTRODUCTION 1 
 1.1 General Introduction 3 
 1.2 Problem Statement 3 
 1.3 Research Objectives 3 
 1.4 Scope of Study 3 
 1.5 Significant of Study 4 
   
CHAPTER 2 LITERATURE REVIEW 5 
 2.1  Introduction 5 
 2.2 Cancer 6 
 2.3 Breast Cancer 9 
 2.4 RON Receptor 13 
  
 
viii 
 2.5 MSP/RON Signalling 17 
 2.6 Types of Cells Expressing RON Receptor 19 
 2.7 Indirect Immunofluorescence  26 
 2.8 Sodium Dodecyl Sulfate Poly Acrylamide Gel 
Electrophoreses (SDS-PAGE) 
27 
 2.9 General Review Of Polymerase Chain Reaction  28 
 2.9.1 Reverse Transcriptase Polymerase 
Chain Reaction Method 
29 
 2.9.2 Polymerase Chain Reaction Method 31 
   
CHAPTER 3 RESEARCH METHODOLOGY 34 
 3.1 Experimental Design 34 
 3.2 Cells Cultures 35 
 3.3 Indirect Immunofluorescence Assay 36 
 3.3.1 Cover Slips Preparation 36 
 3.3.2 Cell Seeding 36 
 3.3.3 Cell Fixation 37 
 3.3.4 Blocking Step 37 
 3.3.5 Incubation with Primary Antibody 37 
 3.3.6 Incubation with secondary Antibody 38 
 3.3.7 Nuclear Staining 38 
 3.3.8 Microscopy 38 
 3.4 Sodium Dodecyl Sulfate Poly Acrylamide Gel 
Electrophoreses (SDS-PAGE) 
39 
 3.4.1 Cell lysate and protein extraction 39 
 3.4.2 SDS-PAGE Preparation 39 
  3.4.2.1 Stock Solutions 40 
  3.4.1.2 Working Solution 40 
 3.4.3 Calculation of X % Separating Gel 40 
 3.4.4 Pouring the Separating Gel 41 
 3.4.5 Pouring the Stacking Gel 42 
 3.4.6 Preparing and Loading the Sample 43 
 3.4.7 Running the Gel 43 
  
 
ix 
 3.4.8 Staining and Destaining Procedure 43 
 3.4.9 Gel Drying 44 
 3.5 Polymerase Chain Reaction (PCR) 44 
 3.5.1 RNA Extraction 44 
 3.5.2 Reverse Transcriptase PCR 45 
 3.5.3 Polymerase Chain Reaction 46 
  3.5.3.1 Primers Design 46 
  3.5.3.2 PCR Reaction 46 
  3.5.3.3 Gel Electrophoresis 47 
   
CHAPTER 4 RESULT AND DISCUSSION  49 
 4.1 Indirect Immunofluorescence 50 
 4.2 Sodium Dodecyl Sulfate Poly Acrylamide Gel 
Electrophoreses (SDS-PAGE) 
55 
 4.3 Polymerase Chain Reaction 57 
   
CHAPTER 5 CONCLUSION 60 
   
CHAPTER 6 FUTURE WORK 62 
   
REFERENCES 63 
APPENDICES 74 
 APPENDIX I 74 
 APPENDIX II 77 
 APPENDIX III 82 
 APPENDIX IV 87 
 APPENDIX V 91 
  
 
x 
LIST OF TABLES 
 
 
 
 
TABLE NO TITLE PAGE 
2.1 RON expression in primary human tumour tissues  12 
2.2 Human cells lines that express RON 20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
xi 
 
LIST OF FIGURES 
 
 
 
 
 
FIGURE NO.  TITLE 
 
PAGE 
2.1 Cell cancer progression 7 
2.2 New and death cases from cancer disease in 1997 8 
2.3 Diagnosis of the breast cancer in the middle age 11 
2.4 Death cases of the breast cancer in the middle age 11 
2.5 RTK family and members on the cell surface 14 
2.6 Structural domain of the RON receptor in human 15 
2.7 Mature and immature RON 16 
2.8 MSP/RON signalling between liver cell and blood 
vessels 
18 
2.9 RON activated signalling pathway 19 
2.10 Principle of direct and indirect immunofluorescence 27 
2.11 Reverse transcription polymerase chain reaction 30 
2.12 Polymerase chain reaction steps 32 
3.1 Experimental Design 35 
4.1 RON receptor expression on the negative control cell 
WRL-68 at 40X magnification using inverted 
fluorescence microscopy Ti eclipse 
 
51 
4.2 RON receptor expression on MDA-MB-231 breast 
cancer cell at magnification of 40X of inverted 
fluorescence microscopy T i eclipse 
 
52 
 
4.3 RON receptor expression on MCF-7 breast cancer cell at 
magnification of 40X of inverted fluorescence 
 
53 
  
 
xii 
microscopy T i eclipse 
4.4 RON protein extraction by SDS-PAGE of MCF-7 and 
MDA-MB-231 cell lines  
56 
 
4.5 Gel electrophoresis using 1 % (w/v) Agarose showing 
the PCR product of MCF-7 cell line 
58 
4.6 Gel electrophoresis using 1 % (w/v) Agarose showing 
the PCR product of MDA-MB-231 cell line 
59 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
xiii 
 
LIST OF ABBREVIATIONS AND SYMBOLS 
 
 
 
 
°C  - Degree Celsius 
% - Percent 
cm  - Centimeter 
mm - Millimeter 
g  - Gram 
V  - Volt 
mA - Mill amber 
L  - Liter 
mL  - Milliliter 
M  - Molar 
mM  - Milli molar 
mg  - Milligram 
min  - Minute 
nm  - Nano meter 
μg - Micro gram 
μL - Micro Liter 
et al., - And others 
e.g. - Example 
PBS - Phosphate buffered saline 
BSA - Bovine Serum Albumin 
CO2 - Carbon dioxide 
HNO3 - Nitric acid 
v/v - Volume per volume 
w/v - Weight per volume 
  
 
xiv 
DMEM - Dulbecco’s Modified Eagle Medium 
RPMI - Roswell Park Memorial Institute medium 
SDS - Sodium Dodecyl Sulfate 
APS - Ammonium Persulfate 
TEMED - N,N,N',N'-Tetramethylethylenediamine 
CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 General Introduction 
Cancer is a group of several linked diseases. All kinds of cancer share 
similarity in the growth and extend of abnormal tissues and cells. Progression of 
cancer can be regulated by biomarkers including oncogenesis and tumor suppressor 
genes (American Cancer Society). RON receptor shows a role in cancer metastasis and 
progression by the enlargement of their expression between itself and its ligand named 
as Macrophage Stimulating Protein (MSP). 
RON (Receptuer d'Origine Nantaise) is one of the members that belong to the 
RTKs (Receptors Tyrosine Kinase) family of Met proto-oncogene, which is 
hepatocyte growth factor receptor, containing c Met, c-Sea and Stk. The hepatocyte 
growth factor receptor (HGF; or scatter factor) is related with a lot of processes that 
connected to tumor development and cell survival. 
All RTKs (Receptors Tyrosine Kinase) have quite similar architecture of the 
molecules, with ligand domains binding in the extracellular area, a single 
 2 
transmembrane helix, and a cytoplasmic region that contains the protein tyrosine 
kinase (TK) domain with additional carboxy (C-) terminal and juxtamembrane 
regulatory regions (Lemmon and Schlessinger, 2010).  
RON is involved in the tumor progression and metastasis. It is a protein of 
180-kDa shaped as a heterodimer of two main chains: a 40-kDa α-chain and a 150-
kDa β-chain (Camp et al., 2005).  
RON is originally created as a precursor of a single-chain and pro-RON, and 
then it separates into the two active chains. The first chain (α-chain) is a wholly 
extracellular, and the second chain (β-chain) cut off into the cell membrane and has 
the intracellular tyrosine kinase and regulatory basic elements. RON and c- Met are 
considered to be the only RTKs (Receptors Tyrosine Kinase) that have a Sema domain 
in the protein extracellular part (a stretch of ∼500 amino acids with several highly 
conserved cysteine residues). This domain has a conserved region of amino acid 
sequences, cysteine residues and a potential glycolsylation site. It intercedes a lot of 
signaling cascades that relate to the motility of cells, proliferation, adhesion, and 
apoptosis. 
Macrophage Stimulating Protein (MSP), which is a RON ligand, was initially 
known as a serum protein that stimulate murine resident peritoneal, the chemotaxis of 
the macrophage in response to complement factor C5a. Moreover, MSP is a 
heterodimer of 80-kDa composed of a 53-kDa α-chain and a 30-kDa β-chain linked by 
a disulfide bond. MSP is also known as HGF-like protein (hepatocyte growth factor) 
or scatter factor that belongs to the family of plasminogen-prothrombin gene that 
contains plasminogen and HGF, with others (Camp et al., 2005). 
Mature MSP plays on a group of cell types such as epithelia, macrophages, and 
hematopoietic cells. The actions of macrophages involve activation of movement, 
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creation of phagocytosis of the erythrocytes which is serum complement-coated, 
discouragement of the ability of incitement to synthase up-regulation by swelling 
activation, and stimulation of interleukin-6 (IL-6) secretions.  
It was found that RON expression is not related with sex, age, or disease and 
also found to positively correlate with lymph node metastasis like perigastric lymph 
node metastasis. Previous studies have even publicized that RON expression attaches 
with the invasion of tumor cells (Zhou et al., 2008). 
1.2 Problem Statement  
Previous studies showed that the development of cancer cells associated with 
the expression of the RON receptor in cells. Therefore, determination of RON receptor 
and its expression can be used as an indicator for the progression of the cancer cells. 
1.3 Research Objectives 
The main purpose of this study is to determine the expression of RON 
receptor on breast cancer cell lines by using: Indirect Immunofluorescent Staining 
(IF), Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) and 
Polymerase Chain Reaction (PCR). 

1.4 Scope of Study 
This study is going to be focused on the RON receptor expression on the 
surface of breast cancer cell lines that are MDA-MB-231 and MCF-7. These cell lines 
REFERENCES 
 
 
Akker, E. V. D., Dijk, T. V., Amelsvoort, M. P. V., Grossmann, K. S., Schaeper, U., 
Kenya, T. E., Waltz, S. E., Löwenberg, B. and Lindern, M. V. (2004). 
Tyrosine kinase receptor RON functions downstream of the erythropoietin 
receptor to induce expansion of erythroid progenitors. Blood, 103 (12): 4457-
4465 
American Cancer Society. (2008). Breast Cancer Facts & Figures 2009-2010. 
www.cancer.org/research/cancerfactsfigures/breastcancerfactsfigures/breast-
cancer-facts--figures-2009-2010 
Angeloni D., Miagkova D. A., Miagkov A., Leonard E. J., and Lerman M. I. (2003). 
The Soluble Sema Domain of the RON Receptor Inhibits Macrophage-
stimulating Protein-induced Receptor Activation. The journal of biological 
chemistry, 279 (5): 3726–3732. 
Angeloni, D., Danilkovitch-Miagkova, A., Ivanov, S. V., Breathnach, R., Johnson, 
B. E., Leonard, E. J., and Lerman, M. I. (2000). Gene structure of the human 
receptor tyrosine kinase RON and mutation analysis in lung cancer samples. 
Genes Chromosomes Cancer, 29, 147-156. 
Arnheim, N., Erlich, H. 1992. Polymerase Chain Reaction Strategy. Annual. Review 
of biochemistry, (61): 131-156. 
Banu, N., Price, D. J., London, R., Deng, B., Mark, M., Godowski, P. J., and 
Avraham, H. (1996). Modulation of megakaryocytopoiesis by human 
macrophage-stimulating protein, the ligand for the RON receptor. J. 
Immunol, 156: 2933-2940. 
 64 
Bardella, C., Costa, B., Maggiora, P., Patane, S., Olivero, M., Ran- zani, G.N., De 
Bortoli, M., Comoglio, P.M., and Di Renzo, M.F. (2004). Truncated RON 
tyrosine kinase drives tumour cell progression and abrogates cell-cell 
adhesion through E-cadherin transcriptional repression. Cancer Res, (64): 
5154–5161. 
Benvenuti, S., Lazzari, L., Arnesano, A., Chiavi, G. L., Gentile, A., and Comoglio, 
P. M. (2011). RON kinase transphosphorylation sustains met oncogene 
addiction. Anuary 6, 2011. 
Boilag, D., M., Rozycki, M., D., Edelstein, S., J. 1996. Gel Electophoresis Under 
Denaturing Condition. Second edition. Chapter 5, Protein Methods: 107-154 
Boyle, P., and Levin, B., (ends) (2008). World Cancer Report 2008, International 
Agency for Research on Cancer, Lyon. 
Broxmeyer, H. E., Cooper, S., Li, Z. H., Lu, L., Sarris, A., Wang, M. H., Chang, M. 
S., Donner, D. B., and Leonard, E. J. (1996). Macrophage-stimulating 
protein, a ligand for the RON receptor protein tyrosine kinase, suppresses 
myeloid pro- genitor cell proliferation and synergizes with vascular endothe- 
lial cell growth factor and members of the chemokine family. Ann. Hematol, 
(7): 1-9. 
Camp E., R., Liu Wenbiao, Fan F., Yang A., Somcio R., and Ellis L. M., (2005). 
RON, a Tyrosine Kinase Receptor Involved in Tumour Progression and 
Metastasis. Annals of Surgical Oncology, 12(4): 273-281. 
Camp, R., E., Yang, A., Gray, J. M., Fan F., Hamilton, R. S., Evans, B. D., Hooper, 
T. A., Pereira, S. D., Hicklin, J. D., Ellis M. L., (2007). Tyrosine Kinase 
Receptor RON in Human Pancreatic Cancer; Expression, Function, and 
Validation as a Target. American Cancer Society. 
Chen, Q., Seol, D. W., Carr, B., and Zarnegar, R. (1997). Co-expression and 
regulation of Met and Ron proto-oncogenes in human hepatocellular 
carcinoma tissues and cell lines. Hepatology 26: 59-66. 
 65 
Chen, Y. Q., Zhou, Y. Q., Angeloni, D., Kurtz, A. L., Qiang, X. Z., and Wang, M. 
H. (2000). Overexpression and activation of the RON receptor tyrosine 
kinase in a panel of human colorectal carcinoma cell lines. Exp. Cell Res, 
261: 229-238. 
Collesi, C., Santoro, M. M., Gaudino, G., and Comoglio, P. M. (1996). A splicing 
variant of the RON transcript induces con- stitutive tyrosine kinase activity 
and an invasive phenotype. Mol. Cell. Biol. 16, 5518-5526. 
Correll, PH., Iwama, A., Tondat, S., Mayrhofer, G., Suda T., and Bernstein, A., 
(1997). Deregulated inflammatory response in mice lacking the STK/RON 
receptor tyrosine kinase. Samuel Lunenfeld Research Institute, 1(1): 69-83 
Cynthia, M., Magro, C., Morrison, A., Pope H., Susan, K., Rothrauff, and Patrick, R. 
(2003).  Direct and Indirect Immunofluorescence as a Diagnostic Adjunct in 
the Interpretation of Nonneoplastic Medical Lung Disease. 
Immunofluorescence for interpreting nonneoplastic medical lung disease.  
Danilkovitch-Miagkova, A. (2003). Oncogenic signalling pathways activated by 
RON receptor tyrosine kinase. Cancer Drug Targets, 3: 31–40. 
Danilkovitch-Miagkova, A., Angeloni, D., Skeel, A., Donley, S., Lerman, M., and 
Leonard, E. J. (2000). Integrin-mediated RON growth factor receptor 
phosphorylation requires tyrosine kinase activity of both the receptor and c-
Src. J. Biol. Chem. 275: 14783-14786. 
Danilkovitch, A., and Leonard, E., J. (1999). Kinases involved in MSP/RON 
signalling. Laboratory of Immunobiology, National Cancer Institute, 
Frederick Cancer Research and Development Centre, Maryland 21702, 
USA. Danilkovitch@mail.ncifcrf.gov. 
Danilkovitch, A., Donley, S., Skeel, A., and Leonard, E. J. (2000). Two independent 
signalling pathways mediate the ant apoptotic action of macrophage-
stimulating protein on epithelial cells. Mol. Cell. Biol. 20: 2218-2227. 
Danilkovitch, A., Miller, M., and Leonard, E. J. (1999b). Interaction of macrophage-
stimulating protein with its receptor. Residues critical for beta chain binding 
 66 
and evidence for inde- pendent alpha chain binding. J. Biol. Chem, 274: 
29937-29943. 
Doherty, P.J., Huesca-Contreras, M., Dosch, H.M., and PAN, S. (1989). Rapid 
amplification of complementary DNA from small amounts of unfractionated 
RNA. Anal. Biochem, 177: 7–10. 
Eckerich C, Schulte A, Martens T, Zapf S, Westphal M, Lamszus K. (2009). RON 
receptor tyrosine kinase in human gliomas: expression, function, and 
identification of a novel soluble splice variant. J Neurochem 2009, 109: 969-
980. 
Feres, KJ., Ischenko, I., and Hayman, MJ. (2008). The RON receptor tyrosine kinase 
promotes MSP-independent cell spreading and survival in breast epithelial 
cells. Oncogene, 28: 279-288. 
Fontham, E.T.H., Thun, M.J., Ward, E., Balch, A.J., Delancey, J.O.L., and Samet, 
J.M. (2009). On behalf of ACS Cancer and the Environment Subcommittee 
(2009). American Cancer Society perspectives on environmental factors and 
cancer. CA Cancer J. Clin, 59: 343–351. 
Gaudino, G., Avantaggiato, V., Follenzi, A., Acampora, D., Simeone, A., and 
Comoglio, P. M. (1995). The proto-oncogene RON is involved in 
development of epithelial, bone and neuro-endocrine tissues. Oncogene, 11:  
2627-2637. 
Gaudino, G., Follenzi, A., Naldini, L., Collesi, C., Santoro, M., Gallo, K. A., 
Godowski, P. J., and Comoglio, P. M. (1994). RON is a heterodimeric 
tyrosine kinase receptor activated by the HGF homologue MSP. EMBO J, 13: 
3524-3532. 
Gelber, R., D., Bonetti, M., Castiglione-Gertsch, M., Coates, A., S., and A., 
Goldhirsch (2003). Tailoring adjuvant treatments for the individual breast 
cancer patient. The Breast (2003), 12: 558–568. 
Germano, S., Barberis, D., Santoro, M. M., Penengo, L., Citri, A., Yarden, Y., and 
Gaudino, G. (2006) Geldanamycins Trigger a Novel Ron Degradative 
 67 
Pathway, Hampering Oncogenic Signalling. The journal of biological 
chemistry, 281(31): 21710–21719. 
Gottesman, M., M. (2002). Mechanisms of cancer drug resistance. Annu Rev Med, 
53: 615-627. 
Harris, R. E., Alshafie, G. A., Abou-Issa, H., & Seibert, K. (2000). Chemoprevention 
of breast cancer in rats by celecoxib, a cyclooxygenase 2 inhibitor. Cancer 
Res, 60(8): 2101-2103. 
Härtig, W. and Fritschy, J., M. (2001). Indirect Immunofluorescence of Tissues.  
Hsu, P., Liu, H., Cheng, H., Tzai, T., Guo, H., Ho, C. and Chow N. (2006). 
Collaboration of RON and epidermal growth factor receptor in human 
bladder carcinogenesis. J. Urol., 176: 2262–2267. 
IARC. (2010). Agents Classified by the IARC Monographs, vols. 1–100. 
International Agency for Research on Cancer, Lyon. Available at 
http://monographs.iarc.fr/ ENG/Classification/index.php (Accessed July 19, 
2010). 
Ibel, K., May, P., R., Kirschner, K., Szadkowski, H., Mascher, E., Lundahl, P. 
(1990). Protein-decorated micelle structure of sodium-dodecyl-sulfate–
protein complexes as determined by neutron scattering. 
Ibel, K., May, R. P., Kirschner, K., Lane, A. N., Szadkowski, H., Dauvergne, M. T. 
& Zulauf, M. (1985) Eur. J. Biochem, 151, 505–514. 
Iwama, A., Okano, K., Sudo, T., Matsuda, Y., and Suda, T. (1994). Molecular 
cloning of a novel receptor tyrosine kinase gene, STK, derived from enriched 
hematopoietic stem cells. Blood 83, 3160-3169. 
Jung, Hyuk, J. (2010). Triad 1 Induces Apoptosis by P53 Activation. FEBS Letters, 
584(8): 1565-1570. 
Kolodkin, A., L., Matthes, D., J., and Goodman, C., S. (1993). The semaphorin 
genes encode   a family of transmembrane and secreted growth cone 
guidance molecules. Cell 75, 1389-1399. 
 68 
Kretschmann, K., L., Eyob, H., Buys, S., S., and Welm, A., L. (2010). The 
Macrophage Stimulating Protein/Ron Pathway as a Potential Therapeutic 
Target to Impede Multiple Mechanisms Involved in Breast Cancer 
Progression. Current Drug Targets, 11: 1157-1168. 
Lee, W. Y., Chen, H. W., Chow, N. H., Su W. C., and Lin, P. W. (2005). Prognostic 
Significance of Co-expression of RON and MET Receptors in Node-
Negative Breast Cancer Patients. 
Lemmon, M., A., and Schlessinger, J., 2010. Cell Signalling by Receptor Tyrosine 
Kinases. Elsevier Inc. 
Logan-Collins, J., Thomas, R. M., Yu, P., Jaquish, D., Mose, E., French, R., Stuart, 
W., McClaine, R., Aronow, B., Hoffman, R. M., Waltz, S. E., and Lowy, A. 
M. (2010). Silencing of RON receptor signalling promotes apoptosis and 
gemcitabine sensitivity in pancreatic cancers. Cancer Res, 70: 1130-1140. 
Ma, Q., Zhang, K., Guinn, S., Zhou, Y., Q., Wang, M., H. (2010). Deletion or 
insertion in the first immunoglobulin plexin transcription (IPT) domain 
differentially regulates expression and tumorigenic activities of RON 
receptor Tyrosine Kinase. Molecular Cancer, 9:307. 
Maggiora, P., Marchio, S., Stella, M. C., Giai, M., Belfiore, A., De Bortoli, M., Di 
Renzo, M. F., Costantino, A., Sismondi, P., and Comoglio, P. M. (1998). 
Overexpression of the RON gene in human breast carcinoma. Oncogene, 16: 
2927-2933. 
McPherson M. J. and Moller S. G. (2006). PCR (The Basics). Taylor and Francis 
Group. ISBN0-203-00267-8 
Marilyn, Teolis MLS, and AHIP (2004): Breast Cancer Internet Information, 
Journal of Consumer Health on the Internet, 8(3): 69-79. 
McClaine, R. J., Aaron, M. M., Purnima, K. W., and Susan, E. W. (2010). RON 
Receptor Tyrosine Kinase Activation Confers Resistance to Tamoxifen in 
Breast Cancer Cell Lines. Neoplasia, 12(8): 650–658. 
 69 
Miagkova, A., D., and Leonard, E., J. (2001). RON Receptor. Section of 
Immunopathology, Laboratory of Immunobiology, Division of Basic 
Sciences, National Cancer Institute, Frederick Cancer Research and 
Development Centre, Frederick, MD  21702, USA. 
Michael, J., McPherson and Møller S., G. 2006. PCR. Taylor & Francis Group. 
ISBN 0-203-00267-9 Master e-book ISBN. 
Montero-Julian, F. A., Dauny, I., Flavetta, S., Ronsin, C., Andre, F., Xerri, L., 
Wang, M. H., Marvaldi, J., Breathnach, R., and Brailly, H. (1998). 
Characterization of two monoclonal anti- bodies against the RON tyrosine 
kinase receptor. Hybridoma, 17: 541-551. 
Mullis, K., B., Ferre, F., Gibbs, R., A., Watson, J.D. 1994. The Polymerase Chain 
Reaction. Birkhauser Boston, 1994 
Nanney, LB., Skeel, A., Luan, J., Polis, S., Richmond, A., Wang, MH. and Leonard, 
EJ. (1998) Oct; 111(4): 573-81. Proteolytic cleavage and activation of pro-
macrophage-stimulating protein and up regulation of its receptor in tissue 
injury. Department of Plastic Surgery, Vanderbilt School of Medicine, 
Nashville, Tennessee 37232-2631, USA. 
Narasimhan, M., and Ammanamanchi, S. (2008). Curcumin blocks RON tyrosine 
kinase-mediated invasion of breast carcinoma cells. Cancer Res., 68(13): 
5185-5192. 
Nash, B. T. (2007). Determination of the Subunit Molecular Mass and Composition 
of Alcohol Dehydrogenase by SDS-PAGE. Journal of Chemical Education, 
84 (9 September 2007). Www.jce.divched.org. 
National Cancer Institute. Cancer.Gov. What You Need to Know About Breast 
Cancer. NIH Publication Number 03-1556. (September 30, 2003). Available: 
<http:// www.cancer.gov/cancerinfo/wyntk/breast>. Accessed: February 1, 
2004. 
O'Toole, J. M., Rabenau, K. E., Burns, K., Lu D., Mangalampalli, V., Balderes, P., 
Covino, N., Bassi, R., Prewett, M., Gottfredsen, K. J., Thobe, M. N., Cheng, 
 70 
Y., Li Y., Hicklin, D.l J., Zhu, Z., Waltz, S. E., Hayman, M. J., Ludwig, D. 
L., and Pereira, D.S. (2006). Therapeutic Implications of a Human 
Neutralizing Antibody to the Macrophage-Stimulating Protein Receptor 
Tyrosine Kinase (RON), a c-MET Family Member. 
Padhye, S. S., Guin, S., Yao, H. P., Zhou, Y. Q., Zhang, R., and Wang, M. H. 
(2011). Sustained Expression of the RON Receptor Tyrosine Kinase by 
Pancreatic Cancer Stem Cells as a Potential Targeting Moiety for Antibody-
Directed Chemotherapeutics. Mol. Pharmaceutics, 8: 2310−2319. 
Park, J. S., Park, J. H., Khoi, P. N., Joo, Y. E. and Jung, Y. D. (2010). MSP-induced 
RON activation up regulates uPAR expression and cell invasiveness via 
MAPK, AP-1 and NF-kB signals in gastric cancer cells. 32 (2): 175–181. 
Rampino, T., Collesi, C., Gregorini, M., Maggio, M., Soccio, G.; Guallini, P., and 
Dal Canton, A. (2002). Macrophage- Stimulating Protein is produced by 
Tubular Cells and Activates Mesangial Cells. J. Am. Soc. Nephrol, 13, 649-
657. 
Raymond, D., M. and EI-Deiry, W., S. (1998). Tumour suppressor gene therapy for 
cancer: from the bench to the clinic. Drug Resistance Updates. 1, 205-210. 
Ronsin, C., Muscatelli, F., Mattei, M. G., and Breathnach, R. (1993). A novel 
putative receptor protein tyrosine kinase of the met family. Oncogene, 8: 
1195-1202. 
Sakamoto, O., Iwama, A., Amitani, R., Takehara, T., Yamaguchi, N., Yamamoto, T., 
Masuyama, K., Yamanaka, T., Ando, M., and Suda, T. (1997). Role of 
macrophage-stimulating protein and its receptor, RON tyrosine kinase, in 
ciliary motility. J. Clin. Invest. 99: 701-709. 
Santoro, M. M., Gaudino, G., and Marchisio, P. C. (2003). The MSP Receptor 
Regulates α6β4 and α3β1 Integrins via 14-3-3 Proteins in Keratinocyte 
Migration. Developmental Cell, (5): 257–271. 
Tarang S., and Wang J. (2012). RON - The Con in Colorectal Carcinoma. The Open 
Colorectal Cancer Journal, 5: 15-21. 
 71 
The New York Times. 2007. Leading Causes of Cancer Deaths. 
Www.nytimes.com/imagepages/2007/07/29/health/29cancer.graph.web.html 
Thomas, R. M., Toney, K., Fenoglio-Preiser, C., Revelo-Penafiel, M. P., Hingorani, 
S. R., Tuveson, D. A., Waltz, S. E., and Lowy, A. M. (2007). The RON 
receptor tyrosine kinase mediates on- cogenic phenotypes in pancreatic 
cancer cells and is increasingly expressed during pancreatic cancer 
progression. Cancer Res. 67(13): 6075-6082. 
Walters, R. W., Grunst, T., Bergelson, J. M., Finberg, R. W. Welsh, M. J., and 
Zabner J. (1999). Basolateral Localization of Fiber Receptors Limits 
Adenovirus Infection from the Apical Surface of Airway Epithelia. 
Wang, M. H., Dlugosz, A. A., Sun, Y., Suda, T., Skeel, A., and Leonard, E. J. 
(1996a). Macrophage-stimulating protein induces proliferation and migration 
of murine keratinocytes. Exp. Cell Res. 226: 39-46. 
Wang, M. H., Fung, H. L., and Chen, Y. Q. (2000a). Regulation of the RON receptor 
tyrosine kinase expression in macro- phages: blocking the RON gene 
transcription by endotoxin- induced nitric oxide. J. Immunol. 164: 3815-
3821. 
Wang, M. H., Julian, F. M., Breathnach, R., Godowski, P. J., Takehara, T., 
Yoshikawa, W., Hagiya, M., and Leonard, E. J. (1997). Macrophage 
stimulating protein (MSP) binds to its receptor via the MSP beta chain. J. 
Biol. Chem. 272: 16999-17004. 
Wang, M. H., Kurtz, A. L., and Chen, Y. (2000b). Identification of a novel-splicing 
product of the RON receptor tyrosine kinase in human colorectal carcinoma 
cells. Carcinogenesis, 21: 1507-1512. 
Wang, M. H., Lee, W., Luo, Y. L., Weis, M. T., and Yao, H. P. (2007) Altered 
expression of the RON receptor tyrosine kinase in various epithelial cancers 
and its contribution to tumorigenic phenotypes in thyroid cancer cells. J 
Pathol, 213: 402–411. 
 72 
Wang, M. H., Montero-Julian, F. A., Dauny, I., and Leonard, E. J. (1996b). 
Requirement of phosphatidylinositol-3 kinase for epithelial cell migration 
activated by human macrophage stimulating protein. Oncogene, 13: 2167-
2175. 
Wei, X., Hao, L., Ni, S., Liu, Q., Xu, J., Correll, P. H. (2005). Altered exon usage in 
the juxtamembrane domain of mouse and human RON regulates receptor 
activity and signalling specificity. 
Willett, C. G., Smith, D. I., Shridhar, V., Wang, M. H., Emanuel, R. L., Patidar, K., 
Graham, S. A., Zhang, F., Hatch, V., Sugarbaker, D. J., and Sunday, M. E. 
(1997). Differential screening of a human chromosome 3 library identifies 
hepatocyte growth factor-like/macrophage-stimulating protein and its 
receptor in injured lung. Possible implications for neuroendocrine cell 
survival. J. Clin. Invest. 99: 2979-2991. 
Willett, C. G., Wang, M. H., Emanuel, R. L., Graham, S. A., Smith, D. I., Shridhar, 
V., Sugarbaker, D. J., and Sunday, M. E. (1998). Macrophage-stimulating 
protein and its receptor in non-small-cell lung tumours: induction of receptor 
tyrosine phis- phorylation and cell migration. Am. J. Respir. Cell Mol. Biol. 
18: 489-496. 
Wysocki, P., J., Wysocka, M., M., Mackiewicz, A. (2002). Cancer Gene Therapy – 
State-Of-The-Art. Department of Cancer Immunology, Chair of Oncology, 
USOMS at Great Poland Cancer Centre, Garbary St. 15, 61-866 Poznań, 
Poland. 
Xu, X., Wang, D., Shen, Q., Chen, Y. Q., Wang, MH. (2004). RNA-mediated gene 
silencing of the RON receptor tyrosine kinase alters oncogenic phenotypes of 
human colorectal carcinoma cells. Oncogene, 23(84): 64-74. 
Yao, H. P., Zhou, Y. Q., Ma, Q., Guin, S., Padhye, S. S., Zhang, R. W. and Wang, 
M. H. (2011). The monoclonal antibody Zt/f2 targeting RON receptor 
tyrosine kinase as potential therapeutics against tumour growth-mediated by 
colon cancer cells. Molecular Cancer, 10: 82. 
 73 
Yu, H., H., and Kolding, A., L. (1999). Semaphoring signalling: a little less per-
plexin. Neuron, 22: 11-14. 
Zhou, D., Pan G., Zheng, C., Zheng, J., Yian, L., and Teng, X., (2008). Expression 
of the RON receptor tyrosine kinase and its association with gastric 
carcinoma versus normal gastric tissues. BioMed Central Ltd, China, 8:35. 
